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Introduction
For humans, faces are among the most important stimuli [1] . They contain abundant social information, such as gender, age, and race. Compared with psychological processing of other commonly viewed objects, the processing of human faces appears to be unique [2] . Relatively early on face memory research, Researchers found that both children and adults showed a preference for face memory, and this preference existed throughout memory encoding and retrieval [3] . Indeed, people have incredible aptitude for face memory and can rapidly recognize and identify faces. Face recognition is crucial for adapting to human social environment [4] . Notably, however, memory of face information is highly influenced by race, gender, and the local characteristics of the face [5, 6] .
Many cross-cultural researches have shown that people remember the faces of their own race better than they do the faces of other races [7] . This phenomena is called the "own-race bias," and is also known as the "cross-race effect" or "other-race effect" [8] . Some researchers believe that people are generally better at recognizing faces of their own race because they are more likely to be exposed to such faces in their cultural context and thus have more chance to practice [9] . For example, there is a research found that Asians were more likely to engage in global processing regardless of whether these faces were Caucasian or own-race [10] . In contrast, some researchers have pointed out that the geometrical qualities of local features of the face (e.g., eyes, nose, mouth) are important clues for face recognition [11] .
The eyes are an important facial region that are preferentially attended to in the cognitive processing of faces [12] . Previous research has shown that humans have an inborn sensitivity to perceiving others' gaze [13] . During social interactions, people's eyes and gaze direction convey a wealth of information about their direction of attention and their emotional and mental states [14] . Thus, people can infer other people's attentional focus, behavioral intentions, and even knowledge and beliefs according to these others' eyes and gaze direction. A study showed that direct gazing eyes are a very important regulatory factor in newborns' face processing, face consistency learning, etc [15] . Other studies found that when the eye region is obscured, face memory performance declines; in contrast, face memory performance is rarely affected by covering the nose or mouth [16, 17] . This indicates that the eyes and gaze direction have important effects on face memory processing.
A research found that people were able to accurately remember gaze direction, with memory for direct gazes being the most accurate [18] . Others' gazes constitute a rich and essential social signal [19] in that people can understand others' emotions and psychological decision-making process through their gaze direction [20] . Furthermore, studies have found that gaze can influence people's perception of others-relative to people with an averted gaze, people with a direct gaze are more likely to be recognized in an initial classification task [21] . Direct gazes also have a stronger influence on categorical facilitation responses [22] than do averted gazes.
The memory of human faces is affected both by global and local processing. At the same time, face memory relates to both facial race attributes and gaze direction. This begs the question: do racial attributes and gaze direction interact to influence face memory? China has 56 ethnic groups, all of which have differing cultures, languages, and religious beliefs. Currently, it is unclear whether Han Chinese (the ethnic majority) people's recognition of minorities' faces is affected by eye gaze or racial attributes. We assumed that both racial attributes and eye-gaze direction have important influences on face memory, and may even have interaction effects. To test this hypothesis, we selected Han, Hui, Tibetan, and Uygur face pictures as experimental materials and performed a facial recognition task wherein we exposed participants to face pictures of different ethnic groups with direct or averted gazes, and recorded and compared their performance for different ethnic faces.
Method

Participants.
The experiment was approved by the Ethics Committee of the Northwest Normal University. Sixty-two Han Chinese undergraduates, 30 male and 32 female, were recruited for this experiment through paper advertisements. They signed informed consent and received honorarium for their time. Participants were between the age of 19 and 25 (mean: 21.8, SD: 1.8) with no known medical, neurological, or psychiatric history. All participants were right handed, had normal or corrected-to-normal vision and none of them touched the testing materials before.
Facial Stimuli.
Another eighty college students (20 Han, 20 Hui, 20 Uygur, and 20 Tibetan) were recruited for collection of experiment materials. Their mean age was 27.3 years and they were evenly split between genders. We took full-face photos of each of the 80 students with both direct and averted gazes. The size and brightness of all photograph materials were standardized and transformed into black-and-white using Adobe Photoshop7.0. We recruited a preliminary sample of 120 undergraduates who were asked to evaluate the facial expressions of the edited photographic materials (shown in Fig. 1 ). Ultimately, we chose 40 direct-gaze pictures and 40 averted-gazed pictures. The facial expressions of all of selected pictures were rated as neutral or did not substantially differ from neutral. a1 a2 a3 Figure 1 . Examples of direct-gaze (a1) and averted-gaze pictures (a2, a3).
Design and Procedure.
The study was a 2 (gaze direction: direct or averted) × 2 (race: Han or minority) mixed-design. The dependent variables included hit rate, false alarm rate, sensitivity (d'), and response bias (C). Upon arrival at the computer laboratory, participants were divided into two groups, with 31 participants in each group (matched by gender). One group of participants was asked to remember the face pictures with direct gazes, and the other to remember face pictures with averted gazes. Participants were seated approximately 65 cm from a computer monitor and presented with facial images using E-Prime on the computer screen. The paradigm was divided into two stages (as shown in Fig. 2 ): In the learning phase, participants either viewed 40 averted-gaze or 40 direct-gaze facial pictures (20 Han and 20 minority facial pictures) for 3200 ms each, and their task was simply to remember each face presented. Each trial began with a fixation point that lasted for 790 ms, after which it was replaced by a 10-ms blank screen preceding the stimulus onset. Upon completion of the learning phase, participants performed a distracter task (word search) for 5 min. In the testing phase, participants were presented with the same 40 faces presented in the learning phase randomly intermixed with 40 new foil faces (targets and foils were counterbalanced across participants). Participants were instructed to indicate as quickly and as accurately as possible whether they had seen each face before, after which the next stimulus face was presented [23] . 
Results and Analysis
We used the signal detection theory measure of sensitivity (d' = Z hits -Z false alarm ) as our index of recognition performance. The higher the value of d', the greater was participants' recognition performance. However, d' cannot be calculated when the proportion of hits or false alarms equals zero or one, as it would not be possible to calculate a z-score. In cases where the proportion of hits or false alarms equaled zero or one, we calculated corrected proportions based on the number of signal or noise trials (n = 40; [23] ). When the proportion of hits or false alarms equaled zero, the value was recorded as 0.5/n, and when the proportion of hits or false alarms equaled one, the value was recorded as 1 -(0.5/n). We calculated each participants' response bias criterion (C = -0.5(Z hits -Z false alarm )). For the ideal observer C = 0; C is negative when the observer adopts a more liberal strategy, and positive when the observer adopts a more conservative strategy, [23, 24] .
Hit and False Alarm Rates
Under the different gaze direction conditions, the descriptive statistics of hit and false alarm rates are shown in Table 1 .A 2 (gaze direction: direct or averted) × 2 (race: Han or minority) repeated measures ANOVA was conducted. For the hit and false alarm rates, the main effect of gaze direction was significant, F hits (1,60) = 24.815, p < 0.05, η2 = 0.293, F false alarm (1,60) = 50.173, p < 0.05, η 2 = 0.455. Furthermore, the false alarm rate was significantly affected by the interaction between race and gaze direction, F false alarm (1,60) = 15.430, p < 0.05, η 2 = 0.205. However, no other effects were significant. The simple effects analysis suggested that the false alarm rate of the Han face images was higher than that of the minority face images in the direct gaze condition F(1,30) = 4.495, p < 0.05, η 2 = 0.125. Furthermore, the false alarm rate for the Han face images was lower than that for the minority face images in the averted gaze condition F(1,30) = 13.986, p < 0.05, η 2 = 0.318. 
Sensitivity and Response Bias Criterion
The descriptive statistics for d' and C under the different gaze conditions are shown in Table 2 . A repeated measures ANOVA revealed that there were no significant effects on d'. However, we found a main effect of gaze direction on C, F(1,60) = 52.836, p < 0.05, η 2 = 0.468, with C being higher in the averted-gaze condition than in the direct-gaze condition. In addition, gaze direction and race had a significant interaction effect on C, F (1,60) = 11.198, p < 0.05, η 2 = 0.157). Simple effects analysis suggested that under the averted-gaze condition, the C for the Han face images was higher than was that of the minority face images, F(1,30) = 7.937, p < 0.05, η 2 = 0.209. There were no significant differences in C under the direct-gaze condition. 
Discussion
Face processing is an important aspect of human cognitive functioning [25] , and it is influenced by people's race and local facial features [26] . The researchers examined the combined influences of gaze direction and Black or White race on face memory, and they found that only faces that made direct eye contact showed cross-race memory effects [23] . Notably, although China is a large country with 56 race groups (e.g., Han, Hui, Tibetan), no own-race bias effects have been found, likely because of the high frequency of interaction between different cultures. Thus, the aim of the present study was to explore whether there is an own-race bias in Han Chinese people's recognition of face pictures with different gaze directions. The results showed that hit rates, false alarm rates, and C were influenced by gaze direction. Specifically, hit and false alarm rates were higher under the direct-gaze condition than under the averted-gaze condition, while C was lower under the direct-gaze condition than under the averted-gaze condition.
Gaze Direction Cue.
Quantities of studies have explored the effect of gaze direction on face memory, and the present results are accordant with those generally found in the past: namely, that direct-gaze faces are remembered better than are averted-gaze faces [21, 27] . Thus, these findings indicated that people were highly sensitive to gaze direction, and direct-gaze faces produced more "yes" responses among participants [28] . Mutual eye contact is known to increase autonomic arousal, which in turn can improve memory encoding [29] .
Regarding the false alarm rate, although researchers found that there was no difference between direct-gaze and averted-gaze conditions [27] , the false alarm rate in the direct-gaze condition was significantly higher than that in the averted-gaze condition in this study. As mentioned above, eye contact is often automatically made during interpersonal communication, and people's sensitivity to gaze cues may be innate [23] . A direct gaze signals an increased likelihood of capturing attention [30] , and compared with an averted gaze, evaluations of facial attractiveness are enhanced by direct gaze [31] . However, direct gazes can also activate expectations or judgment about people's motivations, emotions, etc., and this form of top-down processing may inhibit attention to other face information, such as recognition processing.
The variation in the hit and false alarm rates might be related to the different C values under different gaze conditions. This study found that hit and false alarm rates were lower in the averted-gaze condition, while C was larger. This shows that participants adopted more conservative strategies for the recognition of averted-gaze faces [23] . Although people pay attention to mutual and directional gaze in interpersonal communication, they may also be sensitive to the averting of eye gaze, as this the most frequently used nonverbal cue to signify the "silent treatment," a form of ostracism [32] . Participants may then have felt excluded or frustrated due to the averted-gaze, which may have made them use a more restrictive response standard in the face recognition task.
Own-Race Bias for Faces.
In the present study, face pictures of Han, Hui, Tibetan, and Uighur were used as experimental materials. As all participants were Han, the Han face pictures were own-race (or in-group) faces, while the Hui, Tibetan, and Uighur face pictures were other-race (or out-group) faces. In general, if there were an own-race bias present, the Han participants would show better recognition performance for the Han face pictures than the minority pictures. However, the results of this study showed that there were no significant differences in d': in other words, Han participants' recognition performances did not differ between faces, thus suggesting that no own-race bias was present.
According to Sporer's in-group/out-group model [33] , it is assumed that the own-race bias is a default or automatic process occurring when an individual encounters an own-race (or in-group) face. Thus, for Han participants, the recognition of out-group faces could have been conscious processing, whereas recognition of in-group faces was more automatic. Furthermore, the direct gaze pictures may have facilitated this automatic process, thereby leading to the higher false alarm rates for the Han face pictures. In contrast, under the averted-gaze condition, Han participants searched more consciously for the information from Han pictures, which led to slower processing and reduced false alarm rates.
Regarding C, there was no difference between recognition of in-group face pictures and out-group face pictures under the direct-gaze condition. However, under the averted-gaze condition, the C was larger for in-group face pictures, and the C's value for the averted-gaze condition was lower. This indicated that participants displayed more liberal standards for both averted-gaze faces and other-race faces. This is perhaps because they needed to restrain negative feelings arising in response to averted-gaze cues. As noted previously, gaze can convey negative relational evaluations, such as social exclusion [32] . It is worth noting that participants' apparent negative feelings may not have been because of the out-group faces, but because of the averted gazes. We found no difference in C between own-race and other-face faces under the direct-gaze condition; thus, the influence of out-group face exposure on C was mediated by the averted-gaze direction.
Conclusions
In the present study, we can draw the following conclusions: Han participants' recognition performances for own-race and other-race faces were not influenced by the own-race bias effect. However, hit rates, false alarm rates, and C were influenced by gaze direction. Furthermore, Han participants tended to adopt more conservative strategies for own-race face recognition (according to higher C values) under the direct-gaze condition than under the averted-gaze condition.
